A number of 5-substituted-4-methyl-3-cyano-6-hydroxy-2-pyridones from cyanoacetamide and the corresponding alkyl ethyl acetoacetates were synthesized according to modified literature procedures. The alkyl ethyl acetoacetates were obtained by the reaction of C-alkylation of ethyl acetoacetate. An investigation of the reaction conditions for the synthesis of 4-methyl-3-cyano-6-hydroxy-2-pyridone from cyanoacetamide and ethyl acetoacetate in eight different solvents was also performed. The ultraviolet absorption spectra of synthesized pyridones were measured in nine different solvents in the range 200-400 nm. The effects of solvent polarity and hydrogen bonding on the absorption spectra are interpreted by means of linear solvation energy relationships using a general equation of the form n = n o + sp* + aa + bb, where p* is a measure of the solvent polarity, a is the scale of the solvent hydrogen bond donor acidities and b is the scale of the solvent hydrogen bond acceptor basicities.
5-Substituted-4-methyl-3-cyano-6-hydroxy-2-pyridones were synthesized for the first time at the end of 19th century. 1 Guareshi 2 cyclized alkyl acetoacetic amides and an cyanoacetic ester to get an ammonium salt which after the action of HCl gave 5-substituted-4-methyl-3-cyano-6-hydroxy-2-pyridones. In such a manner Guareshi first synthesized 4-methyl-3-cyano-6-hydroxy-2-pyridones and 5-ethyl-4-methyl-3-cyano-6-hydroxy-2-pyridone; and later 5-n-propyl-, 5-allyl-, 5-benzil-4-methyl-3-cyano-6-hydroxy-2-pyridones and some other 5-substituted-4-methyl-3-cyano-6-hydroxy-2-pyridones from the corresponding alkyl acetoacetic ester, ammonia and a cyanoacetic ester were also obtained. 2, 3 Hope and Sheldon used a different route for the syntesis of these compounds where in the first step, ethyl acetoacetic ester and sodium cyanoacetate gave substituted glutaconates which were later cyclized using ammonia or KCN/ammonia. 4, 5 Guareshi's procedure was used later by Ruzicka and Fornasir. 6 Much later, Bobbite and Scola obtained 4-methyl-3-cyano-6-hydroxy-2-pyridone from ethyl acetoacetate and cyanoacetamide in methanol in the presence of potassium hydroxide. 7 Previously we synthesized 4-methyl-3-cyano-6-hydroxy-2-pyridone using potassium carbonate and potassium hydroxide. 8 In order to synthesize the desired 5-substituted-4-methyl-3-cyano-6-hydroxy-2-pyridones it is necessary to prepare alkyl ethyl acetoacetic esters. Alkyl ethyl acetoacetic esters were synthesized using two procedures known in the literature. [9] [10] [11] One classical method included sodium in absolute ethanol 9 and in the other, a PTC reaction, 10, 11 with a PTC catalyst and base in a liquid-liquid system was used. In the second part of this work we report the synthesis of seven 5-substituted-4-methyl-3-cyano-6-hydroxy-2-pyridones using a modified Bobbite and Scola procedure as well as the investigation of the condensation of ethyl acetoacetate and cyanoacetamide in different solvents in the presence of potassium carbonate, potassium hydroxide and sodium hydroxide. IR, 1 H NMR and UV data are given for all the products.
EXPERIMENTAL
The alkyl acetoacetic esters were obtained using the following procedures:
Sodium previously cut into clean small pieces was placed in a dry apparatus and absolute ethanol was added. After completion of the reaction, ethyl acetoaceatate was added. The appropriate alkyl halide was then added dropwise to the hot solution and the reaction mixture was heated to reflux for a period of time (Table I ). The reaction mixture was cooled and filtered. The excess ethanol was removed by distillation and the product was obtained by further distillation using a short fractionating column.
Procedure B.
Ethyl acetoacetate, alkyl halide, water, toluene, a phase-transfer catalyst and potassium hydroxide were mixed and heated under reflux for a certain period of time (Table I) . After cooling, water was added and the layers were separated. The aqueous layer was extracted with ether, the organic layers combined and dried over sodium sulfate. Distillation using a short fractionating column gave the desired product.
5-Substituted-4-methyl-3-cyano-6-hydroxy-2-pyridones were obtained by the following procedure: In a typical experiment, 0.012 mol of alkyl ethyl acetoacetate, 0.019 mol of cyanoacetamide, 0.014 mol of base were placed in a thermostated flask and stirred on a magnetic stirrer in a appropriate amount of solvent for a period of time (Table II and Table V) at 60 ºC at 600 rpm. The reaction mixture was cooled and filtered. The obtained crystals were dissolved in hot water and after cooling to room temperature, the solution was acidified with dilute HCl. The formed solid was separated by filtration and washed with cold water and methanol.
The melting points were measured using an electrothermal melting point apparatus and are not corrected.
IR spectra were recorded on a Bomem FTIR Spectrophotometer, MB-Series in the form of KBr pellets for the pyridones and neat for the alkyl ethyl acetoacetates.
1 H-NMR spectra were determined as solutions in trifluoroacetic acid (CF 3 COOD) for the pyridones and in chloroform (CDCl 3 ) for the alkyl ethyl acetoacetates using a Varian EM 390 instrument, with tetramethylsilane as an internal standard.
UV spectra were obtained on a Shimadzu UV-160A Spectrophotometar. All other materials were commercial products.
RESULTS AND DISCUSSION
Cyclization of cyanoacetamide with an alkyl ethyl acetoacetate belongs to a 3-2 type of condensation where the pyridine nucleus is formed. 1 This reaction can be presented as in Scheme 1.
We showed earlier 8 that structure of the obtained product can be described on the basis of IR and 1 H-NMR data, by three tautomeric forms (Scheme 2). The most probable form(s), particularly in the solid state, are forms II and III, where the obtained product is in the form of pyridone, the forms which are stabilized by intermolecular hydrogen bonding. 12 To perform the cyclization of cyanoacetamide with alkyl ethyl acetoacetates, the reaction of C-alkylation of ethyl acetoacetate was first performed (Scheme 3). The reaction conditions, as well as the boiling points and yields of the products are given in Table I. One can see from the yield that the best result in the C-alkylation of ethyl acetoacetate was obtained when the phase transfer catalyst was employed.
5-Substituted-4-methyl-3-cyano-6-hydroxy-2-pyridones, including 4-methyl-3-cyano-6-hydroxy-2-pyridone, were synthesized from cyanoacetamide and the corresponding alkyl ethyl acetoacetate in methanol in the presence of potassium hydroxide at 60 ºC (Table II) . The reactions were performed in different solvent volumes, as well as for different reaction times (one and eight hours). Longer reaction time did not give better yields of pyridones except for the allyl and n-butyl derivatives. The IR and 1 H-NMR data for the synthesized alkyl ethyl acetoacetates and 5-substituted-4-methyl-3-cyano-6-hydroxy-2-pyridones are given in Tables III and IV, respectively. The effects of K 2 CO 3 , KOH and NaOH in different solvents on the cyclization reaction of cyanoacetamide with ethyl acetoacetate are shown in Table V . The reactions were perfomred in polar and nonpolar solvents both at 60 ºC and at reflux temperature. The melting points and yields of the products are also given in Table V . A reaction time of one hour was found to be sufficient for the synthesis. Much better results were obtained at lower temperatures where mixing was employed. It can be seen from the obtained results that the best results were obtained when hydroxides were employed in a nonploar solvent, such as isooctane. The best yield with K 2 CO 3 was obtained in isoctane, which is in agreement with our previous work. 8 Generally, potassium hydroxide as a stronger base is a better catalyst for this reaction then potassium carbonate. The order of activity as far as the solvents are concerned is as follows: isooctane > cyclohexane > hexane > toluene > carbon tetrachloride > dichloromethane > methanol > water. The UV spectra of the same series of compounds was investigated in nine solvents. The effects of solvent polarity and hydrogen bonding capability on the absorption spectra are interpreted by means of the linear solvation energy relationships (LSER) concept proposed by Kamlet and Taft 13 using a general solvation equation of the form:
6-HYDROXY-2-PYRIDONES
where, a, b and p* are solvatochromic parameters and a, b and s are the solvatochromic coefficients.
In Eq. (1), p* is an index of the solvent dipolarity/polarizability, which is a measure of the ability of the solvent to stabilize a charge or a dipole by virtue of its dielectric effect. For the set of selected solvents, i.e., non-HBD aliphatic solvents with a single dominant group dipole, the p* value is proportional to the dipole moment of the solvent molecule. The p* scale was selected to run from 0.00 for cyclohexane to 1.00 for dimethyl sulfoxide. The variable a is a measure of the solvent hydrogen-bond donor (HBD) acidity, and describes the ability of a solvent to donate a proton in a solvent-to-solute hydrogen bond. The a scale was selected to extend from zero for non-HBD solvents to about 1.00 for methanol. The variable b is a measure a of the solvent hydrogen-bond acceptor (HBA) basicity, and describes the ability of a solvent to accept a proton in a solute-to-solvent hydrogen bond. The b scale was selected to extend from zero for non-HBD solvents to about 1.00 for hexamethylphosphoric acid triamide. To explain the effect of the substituents on the electronic absorption spectra of the 5-substituted-4-methyl-3-cyano-6-hydroxy-2-pyridones, pyridone without substituents, which has three absorption bands, one at 350-380 nm, others at 260-280 nm and 208-210 nm, was taken as the reference. The results have shown that the lower energy 6-HYDROXY-2-PYRIDONES band is sensitive to the substituent electronic properties. No correlations were found for the higher energy band. The absorption frequencies of the lower energy band in nine solvents are given in Table VI . Examination of the data given in Table VI shows that there is an identical trend in the UV absorption frequencies of the investigated compounds in all solvents used. Increasing the chain length of the substituents generally results in batochromic shifts of the long wavelength absorption maximum as compared to that of the reference system. For the purpose of exploring the correlations between the solvent effects and the electronic transition energies of the 5-substituted-4-methyl-3-cyano-6-hydroxy-2-pyridones, the absorption frequencies were correlated with the total solvatochromic Eq. (1). The correlation of the spectroscopic data in seven solvents (methanol, ethanol, propan-2-ol, butan-1-ol, t-butanol, ethylene glycol, and acetonitrile) were carried out by means of multiple linear regression analysis. The results of the correlations are presented in Tables VII and VIII. The correlation coefficients obtained from Eq. (1) show that the data comply to a high level of reliability in all the selected solvents (Table VII) . The stronger solute/solvent hydrogen bonding by the carbonyl group, as well as the increasing importance of the solvent polarity/polarizability in the stabilization of the electronic excited state lead to a hypsochromic shift with both increasing solvent hydrogen bond acceptor basicity and solvent polarity/polarizability and hence the positive sings for the coefficients of both b and p*. This suggests that most of the solvatochromism in 5-substituted-4-methyl-3-cyano-6-hydroxy-2-pyridones is due to the solvent polarity and basicity rather than to the solvent acidity. Increasing the chain length of the alkyl group generally leads to an increasing magnitude of the solvent polarity/polarizability and to the solvent hydrogen bond acceptor basicity compared to the reference system. The percentage contributions of the calculated solvatochromic parameters (Table VIII) show that the dominant solvent effect in all the alkyl substituted pyridones is the effect of the hydrogen bond acceptor basicity. This effect is dominant in 4,5-dimethyl-3-cyano-6-hydroxy-2-pyridone and decreased with increasing in chain length of the alkyl group. These results indicate that the steric effect between alkyl and hydroxy groups is important factor in the correlations between the structure as well as solvent effects and the electronic transition energies of the 5-substituted-4-methyl-3-cyano-6-hydroxy-2-pyridones. The satisfactory correlation of the ultraviolet absorption frequencies of investigated pyridones with Eq. (1) indicates that the correct model was selected. This means that this model gives a correct interpretation of the linear solvation energy relationships of the complex system of the 5-substituted-4-methyl-3-cyano-6-hydroxy-2-pyridones in different solvents. In this situation where both the solvents and the solutes are hydrogen-bond donors (and hence usually amphiprotic), it has proven to be quite difficult to untangle solvent dipolarity/polarizability, type-B hydrogen bonding * , and variable self-association effects from (usually multiple) type-A hydrogen bonding interactions * . For these reasons we have demonstrated that a solvatochromic equation with unambiguously distinct dependences on the three solvatochromic parameters p*, a and b can be used to evaluate the effects of both types of hydrogen bonding and of the solvent dipolarity/polarizability effect. 14 6-HYDROXY-2-PYRIDONES
